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Executive Summay

In October 2000, theeBeral Aviation Administration Airwayracilities (AR organization plans
to implement the Natonal Airspace $stem (NAS) Infrastucture Managment progam This
progam focuses on NAS service maaagnt and improved customer servidehe new
structure includes a National Operations Control Center (NOCC), thiemaé@perations
Control Centers (OCCs), and numerous Service Operations Centerodh@&viters networked
by an integated information infrastructurelhe three OCCs will eventuallgplace edsting
Maintenance Control Centers (MCCs).

Thoudh teams in the OCC are similar in maegpects to those in the MCCs, there will be some
differences. For example, unlike MCCs, theOCC team membe's will be divided by speialty.

Good communications between these specialties will be essential for shared situation awareness
and effective performancd=urthermore, specialists in the OCCs will be responsible for a much
larger geographic area, emplogtandardized procedures, conduct service certification, and utilize

a centalized datbase.

A research team from the NAS Humaackors Banch, ACT-530, conducted a two-part staaly
identfy performance ssues forgans in OCCs. The first partof the effortexamined eam
processes in current and future ARvironments.This involved assessirtgsk analges and
flowcharts depictingvorkflow and communication processes for mBintenance work and
conductingsite interviews at kefjeld sites. The second part of the stutbycused on identiiyng
key factors with impliations for team paformance in theliterature and gplying tham to the
OCC environment.

The assessment of potential performance issues led to nine recommendations for fattiitating
transition to OCCs:

a. Clearlydefine individual specialist roles and responsibilities.

Establish and communicate OCC and individual positmadg

Determine the appropriate staffifeyels at each position to avoidoessive workload.
Determine optimum workspace t@ay.

Provide communications and information databases to support operations.

-~ ® a0 T

Establish and train on standarmlizprocedures.

Provide team trainingp transition personnel from the field and MCC environments to the
OCC environment.

Q@

h. Ensure the performance standards and rewards to support operations within the OCC
structure.

i. Establish a norm of effective communication and an atmosphere pronmdtingation
exchang from the begningof the OCCs.

vii



1. Introduction

In early1990, the Bderal Aviation Administration (KA) Airway Facilities (AF organization
begn to identifya new concept of operations in response to asaingechnolog, downsizng,
diminishingbudgets, and the push for increasexygrnment efficiencyand accountabilityFAA,
1999). This new, customer-orientated concept evolved into a three-tiered, ceatraliz
manag@ment process that emphasizhe timelydeliveryof National Airspace $fem (NAS)
services (RA, 1994). The NAS hfrastructure Managnent (NM) progam will transition AF
from a decemntlized or@nization focused on egpment maintenance ¢ a nore centalized
organizaion foausingon sevice management. The new organization will be comprisel of a
National Operations Control Center (NOCC), threearegl Operations Control Centers (OCCs),
approxmately 30 Sevice Opeations Caters, and multipleWork Centers néworked by an
integrated information infrastructure fA, 1997). The new AFstructure is presented in
Figure 1.

NOCC
(Herndon, VA)
I |
Atlantic OCC Mid- States OCC Pacific OCC
(Hampton, GA) (Olathe, KS) (San Diego, CA)
| [ |
SOCs SOCs SOCs
(approx. 8) (approx. 11) (approx. 10)
WC wWC WC
(several) (several) (several)

Figure 1. NAS Infrastructure Managnent Structure.

1.1 Backgound

Currently there are 42 Maintenance Control Centers (MCCs) responsible for monéodng
coordinding scheduled and unsbeduled NAS mantenance activities. NIM will transition
monitoringresponsibilities from these MCCs to threeioegl OCCs, each havingsponsibility



for approxmatelyone third of the countryWWhen implemented, OCCs will monitor NAS g&ice
and providestdus informdion to astomes, @ordinde mantenance activities, and peform
remote monitoringand maintenance A, 1999). Consolidatinghese maintenance operations
into an OCC will require new work processes and team relationships fepedtalists.

1.2 Scope

This document provides anaxination of team processes in the current and proposed AF
environment based on theexaminaion of literature and sitevisits. It includes areview of team
literature on key conaepts and rdates thamn to teams in theOCC eavironment. In paticular, it
identfies charaddristics of effectve teans and faatrs hatcan nfluence ¢ameffeciveness and
applies tham to theAF environment. It outlines team concepts rdéevant to theAF environment
and sugests gliddines for enhandng effective team opeaations in @ntrdized monitor ad
control environments.

2. Methodoloy

A team of researchers from the NAS Humacters Banch (ACT-530) of the &A William J.
Hughes Technical Center conducted this studie took a two-part approach to the studiyrst,
we soudpt to define the current and future team struct@ar approach for this part of the study
was b colectdat on the currenstructure of MQC teans and he fuure stucture of OCC teans
throudh analying job task analses and workflow processes, reviewingprmation from NM
documents, and conductisgructured interviews at selected field sitébe second part of the
studywas to survg theliterature on teams for aeas gpplicable to thefuture OCCs. We then

usa theresults of thditerature studyto identify key areas of importance for team paformance in
thefuture OCCs.

2.1 Analysis of bb Task Analges and Varkflow Processes

The FAA has two major task anaig documents for the ABnvironment; theab Task Analgs
for Maintenance Control Center Specialistsi(3094) and the &A Airway Facilities bb Task
Analysis (CTA Inc., 1993). Although we examined both of these documents to iderttisks
that require communication and coordination, dhly FAA Airway Facilities bb Task Analgis
contained enougdetailed information on communication and coordination to perform an
analysis.

We conducted additional anaily usinga set of 10 flowcharts depictimgprkflow and
communi@tion proesses for AF mantenance work contaned in theAirway Facilities
Organizational Effectiveness StudMcManis Associatesnt, 1994). The 10 flowcharts
covered

a. Air Route Traffic Control Center (ARTCC) prevendtive meintenance,

b. ARTCC mrrective mantenance,

c. General NAS (GNAS) in support of ARTCC operations preventative maintenance,
d

GNAS in support of ARTCC operations corrective maintenance for radar,
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Communications,

—h

Automation,
NAVAIDS,
GNAS in support of terminal/advisopperations preventative maintenance,

;@

GNAS in support of terminal/advisopperations corrective maintenance for tower/FSS
operations, and

J.  GNAS flight inspection.

These flow charts are based on data collected from five site visits incMeimghis, Salt bBke
City, Seattle, Dallast=Worth, and Oakland.

2.2 Site Visits

The research team visited and conducted site interviews at the NOCC, Southern California
Terminal Radar Approach Contr¢g6CT) MCC, and the Protgig Operations Control Center
(POCC). The purposes of these visits were to charaaéeams in the current AEnvironment,
define theanticipated OCC opesting environment, and identify theimplications for tems in the
new orgnization.

2.2.1 National Operations Control Center

The NOCC is co-located with the Air Traffic Controlsfgms Command Center at Herndon,
VA. It monitors citical situdions & they evolve and notifies, mobilizes, or directs key
organizations. It also coordinates these events with Air Traffic (AT) and ARis site was
chosen becauserepresergone of he first sieps bward he mplementation of the fuure NIM
environment, and thephysical layout and organization of theNOCC will bemirrored in the
OCCs.

2.2.2 SCT Maintenance Control Center

The SCT MCC is located at San Diegnd is responsible for monitorifacilities and services in
portions of California, Nevada, and Arizonéhe facility operates 24 hours a d&65 dag a
year and is staffed geven two-person teams includagNAS Operations Manag(NOM) and
NAS Area Specialist (KA, 1997). We conducted structured interviews at this site to better
understand teams in the current MCC environment.

2.2.3 Prototype Operations Control Center

At the POCC in San Dieg we interviewed individuals involved in establishthg Pacific OCC.
The interviewees were selected because dneyollaboratingn the desig of the OCC facility
and development of the OCC infrastructure and procedé®s. result, thepossessed a
detailed knowledg of the planned OCC operatiagvironment and teams.



3. Results

3.1 Analysis of Task Analges and lew Charts

We identified 588 tasks in theAA Airway Facilities bb Task Analgis (CTA Inc., 1993) based
on events to which the NOM must resporibit of these 588 tasks, 300 direatlyolved voice
communications.The majorityof the voice communications tasks (168) involved coordination
with a technician, followed b$29 tasks directlynvolving communication with AT.Other

major coordination points were

a. the General Maintenance Control Center (GMCC) (72 tasks),

another NOM (107 tasks),

the NOCC (15 tasks),

military, weather, flight sevice staions, or tréfic management unit (68 taks),

telecommuni@tions ompanies (27 taks),

-~ ® o0 T

contractors (22 tasks), and
other, includingocal services such as police and fire (69 tasks).

Q@

The number of tasks attributed to each individwatig adds up to more than the total number of
voice conmunicaion tasks because, forany tasks, he pont of coordnaion may vary
dependingon the circumstances, such as who reported theeutdgs analgis highlights the
significant role that voice communications playhe analgis also shows communication
processes between kgwups both within and ¢&rnal to AR

We obtained further information on the structure of communication flow tihranglges of
flow charts depictingvorkflow and communicationAnalyses of the flowcharts showed that of
the communications across the Afgnization sampled,

a 24% was beveen he GMQC and echncians,

b. 18% was between NOMs and technicians,

c. 15% was between technicians and AT,

d. 11% was between GMCC and NOMs, and

e. 11% was between NOMs and AT/Automatéig)kt Service Station (AES).

The communicaton flows hatwere represead leastin the flowchars were

a. GMCC and AT (8%),

b. technician-to-technician communication (4%),

c. techncian b AT/AFSS or GMCC to Secbor Field Office (3-0) (2%),

d. GMCC to AT/AFSS, SB to technician, and technician to Aviation Standards (1%), and
e

other flows (less than 1%).



In both of these analgs, the communication count or percestapresents onlthe number of
tasks that require a particular path of communication, withoutvaighting for the frequencyf
occurrence.The percerage of coomunicaion thatacualy occurs in the field may differ

significanty based onlte occurrence of pactlar evens. For exanmple, accordigto the

flowcharts, a GNASreventative maintenance requires 20 incidents of communication between a
technician and AT.The flowchart for GNASadar corrective maintenance shows all of the
coordination with AT occurringpetween the NOM and AT with no communications between the
technidan and AT. If thepreventaive mantenance occurred three times moreoften than the

radar corrective maintenance, the percemtddotal communications between membeyups

would be sigificantly different. Thus, the critical communication pathvgayould significantly

vary from one AFRgroup to another or fromegar to yar. However, the primargommunication
pathways will likely remain critical, despiteregiond and s@sond fluctuaions.

3.2 Structured mterviews: MCC vs. OCC Teams

Consolidatingmaintenance, monitoringnd coordination activities will necessitate clesng
the wayoperations are performedlthough operations in the OCCs will be similar to the MCC,
there are severdlifferenceshat have he poental to affectthe OCC team

3.2.1 Specialiation

Specialists at the MCCs respond to oetagegrdless of facilitytype and so possess @ogl
awareness of thestaus of theentire NAS. In theOCC, positions will benorespeialized. In the
OCC, specialists will have intimate knowledgf a particular fye of facilityor service but will
need © conmunicate closel with other spealists and he Watch Lead b maintain awareness of
the implications of others services on their ar€aus, it will be critical for each specialty
communi@te informaion to othe speialties.

3.2.2 Geogaphical locality

The OCC will have a much laeg geographical area of responsibilityf his will affect the OCC
specidlist in three ways. First, the will have to develop rdationships with avariety of

customers, most of whom thewll never meet face-to-faceleam members will have to
establish relationships througlistributed forms of communication such as telephones agsl fax
Second, the team members will be mogeggaphicallydispersed and the number of distributed
team members will bergater. Third, because theeggraphic areas of responsibiliare much
larger, theyencompass a broader rengf climactic and other sHgpecific differencesFor
example, some facilities are in remote locations and requirslédg or snowmobiles to access,
and others facilities maye subject to flooding

OCC team members will be responsible for adargumber but fewer pes of facilities.The
increased numbe of facilitie s and sevices bang monitorel could potentialy lead to an
environment characteed byhigher demandsResearch indicates that internal communications
tend to deteriorate under these conditions, resultinigcreased team effectiveness.



Table 1 provides a comparison of MCCs and OCCs and sunam#irez team implicationsVe
calculated the averagarea of responsibilifpr MCCs and OCCs bgividing the area of the
United States bthe number of MCCs (42) and the number of OCCs (3) resplsctivée
estimated the averagiumber of facilities and services supportecdbWICC and OCC specialist
basal on d#a contaned in theFacilities and Sevices Equipment Profiledaabase We
determined the remainintgems based on our review ofMlidocumentation.

Table 1. Characteristics of MCCs and OCCs and Their Taapilitations

Variable MCC OocCC OCC TeamImplications

Averag Area of 88,519 1,239,265 more dispersed
Respnsihility more distributed decsion making
(square niles) certralized database reiged

Average Number of 688 1,950 exparded nonitoring regorsibilities
Facilities and increased eed br effective
Senices communications

reliance ondistributed conmunicaions

Level of Specialization Low High increased eed br effective
communications
distributed situational avareness
distributed decsion making

Procedues Non Stardardized need vell defined roles
stardardized

3.2.3 Standardiation

Currently procedures between MCCs are not standeddsnd differ sigificantly by regon and
facility. TheNIM program has implanented an dfort to standadize MCC opeations. These
standardizd MCCs are characteed bystandardied hardware, software, procedures, databases,
and training(AOP-30, 1999).The procedures in an OCC will be standardized.

3.2.4 Internal OCC Teams

Theexact OCC st#fing levels have not been deermined. Current estimates sugyest tha 68
individuals will be assiged to the OCC with 50 personnel on the operations flbbe OCC
opeaations stéf will most likely comprisea Help Desk, Wdch lead, Communietions,
Telecommunications, Surveillance, NAMAS, Automation, Environmental, and Traffic
Management Unit (TMU) (an AT position) speialists. The OCC anticipates stdfing aminimum
of two specialists for each speciaftgsition duringhe dayshift.

Basead on thestrudured inteviews, weidentified someof themost @ mmon ommuni@tion
paths within the OCC (seedtre 2). Only half of the figire is labeled for clarityas the second
half of the oval is supposed to be a mirror imafthe labeled halfThe lines connectinthe
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Figure 2. Common Operations Control Center internal communications paths.

specidty positions in this figre are based on aprdiminary assessmat of thefrequency of
interactions.However, the incidence of interactions should be validated thradditional
research or throumgdata captured in an operational environmditte solid lines depict the most
commonlyanticipated interactions between team positidrtsoud each of the OCC specialists
will need to coordinate with each other, communications between some of the spesitibyns
will be particularlyfrequent, such as interactions between the NAY&\bnd Environmental
speialist.

We did not depict the communications between trecdWLead or Help Desk and the specialty
positions. The Help Desk speialist will forward incoming cals to theappropride speialty
position. The Watch Lead will be required toather status information from each specialist.
Both the Watch Lead andhie Hep Desk are amtipated b conmunicatk frequenl with each of
the team positions.



3.2.5 External Teams

The OCC speidlist will be required to mordinde with collocated membe's, sut as othe OCC
specialists and with remote personnel, such aSyskems specialists, AT, and othekAand
non-FAA organizations. As such, these teams will redyr distributed applications that will
include a cemtlized dasbase for accoplishing their work.

Based on the results of the structured interviewguie 3 provides the most commorgps that
OCC speidists will be expected to mntact outsideof the OCC. Heavier lines indicate
interactions that are more frequefithe TMU position is presented in thisdig, even thouyit
may belocated interndly a the OCC. The most ommon ommuni@ion mechanism will most
likely be telephone; however, email, voicemail, internet web sites, aeslifeayalso be used.

AT

>
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Regional AF

N

Wi

{
N

Field Specialists

)

\ N\

Non-FAA

Figure 3. Common Operations Control Centeterxal communications paths.

Public Services
(Police, Fire, Etc.)
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OCC communication mechanisms will most likbly verysimilar to those in place in MCCs
today Currently the preferred method to contact a field specialist is the telephone or radio,
especidly a night or when immaediate action is required. Theinterviewees estimated tha MCC
specialists spend as much as 50% of their time on the telephone perfoomidmation
reporting The gal is to reduce telephone usag 20-30% in the OCAf the MCC specialist is
unable to reach the field specialisttelephone, he or she will use a gagP?agrs represent the
best method to contact an onsite specialist for la pigprity item duringworking hours, and the
pace is often followed byan email with additional informatiorEmail will also be relied on
heavily, paticularly to transmit informaion sud as doawments to renoteuses. Theinterne asa
modeof communi@tion will likely becomemoreprevaent in theOCC eavironment than it is in
the MCC because the centralizdatabase will be available.

4. Literature Review

The second part of the stuthwolved examiningthe literature, identifiyg topics relevant to the
OCCs, and appigg relevant research to the Afvironment.

4.1 What s A Team?

Over 50 ars of research have been conducted on the subject on teams and teamwork in
organizational psyhology, sociolog, social psghology, and managment. Several competing
theories, definitions, and tamomies have been proposekhis section provides a review of
somerelevant literature and presents aworking definition that will serve as the basic desaiption
for teams in the current effort.

There are many different ddinitions of teams present in theliterature, someof which ae
presented in Table 2A common denominator to these definitions is that a team requires the
interacion of tvo or nore peopt  acconplish a conmon task, obgcive, or gal. This
definition can be thoug of as specifiyng three minimum requirements for a teaRirst, for a
team to eist, it must consist of two or more individual&lthough this definition sets a
minimum number of members, it does not set aimam siz requirement.Second, the
individuak on a eammustbe stiving to acconplish a conmon task, obgcive, or gpal. Even f

a goup of several individuals are interactimigthey are not workingogether to achieve a
common @al (e.g, individuals at a parjytheyare not a team.

The third component to a team is that team members must interact in their effort to achieve their
common @al. This interaction is not restricted to same time, face-to-face, verbal
communication.Some teams, such as virtual teams, rapelgever see each other face-to-face

and conmunicate largely through electronic media.

4.1.1 Team Characteristics

Teams can be differentiated on the basis & sades, structure (includingiteraction of
members), @als, and cohegseness.Teamcharacgristics are mportant factors in effectve team
performance. Differentcharacgristics are appropate for differentcircumstances andssks. A
team with theright se of characteristics for onetask ma be compleely wrongfor anothe task.



Table 2. Team Definitions

Reference Definition
Morgan, Gluckman Woodard, “A team is a distinguishable set of two or more individuals who interact
Blaiwes ard Salas (1986) interdependently and adaptively to achieveedfied, shared, and valued

objecives” (p. 6)

Rifkind (1996) “A team & a diverse group of peopk who are interconneced with shared
responsbilities and strive toward mutually defined goals A team wrks
within the conéextof other groupsand gstems (p. 7).

Salas Dickinson Converse awl “A team i two or more peopk who interact, dynamcally, interdependeniy,
Tannenbaum (1992) and adapively toward a common and vaéd goal who havebeenassigned
specific roles or functionsto peform, and wo have a limited lifegan of

membership(p. 4).

Sianard Roberson (1996) “A team i two or more individuals working interdependeriy to compkte a
specific task” (p. 17).
Urban Weaer, Bowers, ard “A teamis a set of two or more individuals working in an interdependent
Rhodenzer (1996) fashion ioward a common and meargful goal’ (p. 300)

A major characteristic ofrgups is that thelzave implicit shared beliefs andpsctations, called
norms. Norms are verymportant and can have a stranfuence on gpup atmosphere,
productivity, and performancelor example, a norm of not workingery hard and justeiting
the bare minimum done malgvelop. In contrast, a norm promotiriggh performance and
accuracymaydevelop in a gup. It is vital that norms created in the OCfogps foster a focus
on effective communication and an atmosphere promatfiogmation exhang and hidp

guality performance.Although norms often develop in an indirect wayspecific vision and
conaete, wdl-defined gods would hé promotea positivenorm. Of equd importance are the
behaviors and atitudes of thepeople a the highest organizaiond levels. The culture or toneof
an orgnization is set bythe hidhest orgnizational members and tends to trickle down to the
lowest levels of the omagization. If upper managnent does not share the desired attitudes and
behaviors, it makes it éremelydifficult to get lower level personnel to adopt and accept the
desired behaviors.

4.1.1.1 Size

Based on the previous definition of a team, we have alrdafiged the minimum s&of a team
as two. Although optimal team size is Hidy task dependant, the size of a team can have a
significant impact on team performance (See& Salas, 1992).

One possibilitydiscussed for use in the OCCs is the use of two person teams at a workstation.
Morrisette, Hornseth, and Shellar (1975) investtgl the effects on performance of one person
versus two-person teams in monitortagks (cited in ACD-350, 1994)n one condition, the
displays were monitored by sindge team member and, in the other; tingre equallydivided
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betveen wo teammembers. The auhors repord thattwo-personéans were favorald because
theyresulted in reduced response timelawever, theynoted that this migt not be as effective
in other situations.

4.1.1.2 Roles

A role refers to the set of behaviors characteristic peeted of members in a particular
situation or position within argup. Accordingto Forsyth (1990), role ambigity and role
conflict are sources of botstess anddw morale in the workphce. Role anbiguity can occur
when the emplage is uncertain of policies, objectives, opegtations.Role conflict occurs
when te enployee s faced wih conficting requrements, rules of operabn or execatons, or
when anmdividual s gpals are notn ageenentwith the gpals of he tam The poenial for role
ambiguity and role conflict is alwagpresent when an aagization changs policies, objectives
or eXpectations, as is the case in moviagzard OCCs.

How can roleambiguity and conflict be minimized in theOCCs? Onerecommendaion is to
ensurehatthe sk goals are akar, concred, and obgcively stated. Clearly defined, spedic
procedures should describe how to accomplish tladésgThese procedures should also provide
guidelines as to what roles andads should take priorityy the case of a conflictit is also
important not onlythat the gals be defined, but that the team members understandalse g
Everymember of the team should be able to statedhésghat need to be achieved and the
approach to meetintipose gals. Each member of the team should understand his or her role in
achievingthe gpal. All task responsibilities should be concrete and unautig.

4.1.1.3 Structure

The structure of the team is the pattern of relationships between the indivolyaingembers.
Salas et al. (1992) describe a continuum of team structure witly Biguctured, interdependent
teams at one end of the continuum and teams withiyhiigdividual tasks and minimal
interaction at the other end of the continuufgure 4 illustrates the concept.

Group Team
- Loosel structured StrUCture - Highly structured
- Low task interdependence - High task interdependence
- Minimal interaction - High degee of interaction

Figure 4. Continuum of structure as a team characteristic.
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Central to the team structure continuum is the concept of task interdepentlaske.
interdependence refers to the amount of communication, coordination, and cooperation required
to successfullperform the taskln essence, it is the deg to which the members of theogp
mustdepend on eachlwr b successfly performthe sk. As the amount of task

interdependence increases, so do the requirements for communication and coordination.

Most people think of teams as haviadidgh degee of task interdependencda these higly
interdependent teams, alogip members jointlgdiaghose, problem solve, and collaborate to
complete the taskAn example of such a team nfigbe a team workingn launchinga new
advertsing canpaign. On the oher exreme are ¢ans with low task interdependenceThese
team members work lagety autonomouslyvith minimal interaction.Sales teams oagized by
territory are an eanple of such agam Between hesewo exremes b a third modelin which
membe's of ateam soméimes work ind@endently and somémes work intedependently.
Similar to theorganization of sdes teams byterritory, currently, each MCC ha aterritory tha it
is responsible forln the OCCs, the oagization will no longr be bygeographic regon, but by
specalty. As the areas ohie NASbecone increasngly interconnecéd and mterdependentthe
specidty areas will have an inaeasing level of task intedependence, while still mantaining
some deree of task independence in other situations.

4.1.1.4 Communication

Communication is higly related to interdependence and, as such, helps to shape the structure of
the team.The importance of effective communications and coordination was underscaed by
studythat stated, “as in other technalce) endeavors, a Higpercentagof operational errors
involves breakdowns in communications, coordination, aadmdecision makirig{National
Research Council, 1997, p. 15@ommunication can be defined as thereng of information
between individualsCommunication in a team serves two main purposes: ttteaag of
information between team members and the coordination of shared resourcesiprattvities
(Schlicter, Koch, &urger, 1997).Whereas god communication is ketp effective team
performance, thelack of prope communi@tion can result in redudions in thequdity of work

and performance, higlevels of stress and frustration, loss of situational awareness, and an
increased incidence of errors (SiarR&bertson, 1996).

Interaction between team members can take different forms depending time and place of
the communicationFigure 5, based on Schlicter et al. (1997), presents soamepdss.
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Time

Same time Different time
Same place Same place
+ Face-to-face * Email
* Phone felecon * Voicemail
+ Statusboard * Shared database
- * Shared database
S
® : :
8 Same time Different time
—l Different place Different place
* Phone ftelecon + Fax
* Beeper * Voicemail
+ Radio * Email

Shared database Shared database

Figure 5. Preferred communication media based on time and space distinctions.

There are somtypes of eans, such as viual teans, which rarey or never see eachhatr face-
to-face and comunicat largely throudh electronic media. Warkenin, Sayeed, and Hjhtower
(1997) note that manyrganizations have formed thesepigs of teams, which are charactedz
by geographicallydistributed workers collaboratinan a task mainlyhroudh the use of
electonic media. The auhors repord thatconmunicaton effectveness for viual teans was
similar for face-to-face teams, but that face-to-face team members repohtedléigls of
satisfaction.Straus and McGrath (1994) report that altHotlge qualityof work is similar for
virtual teams usingomputer-mediated communication and face-to-face teams, productivity
largely favored faced-face nteracions, paircularly for tasks hatrequre a bt of
communication and coordinatiohVhen electronic media is used to communicate, particularly
time-pressuresituaions, norméapoliteness ofte decreases, which can eventudly lead to neyative
relationships (Karau &elly, 1992). The use of electronic media for communication may
require that specialists put additional effort into politeness that comes naitufaltg-to-face
and telephone communications.

The team members’ locations and whether the communication takes place in real-time or is
delayed largely determine the communication media adopted byam.The communications
media employed in theOCC will most likey bevery similar to thoseusel in theMCC todg,

with additional reliance on electronic communicati@urrently the MCCs relyjheavilyon
telephone communications, represenargjgificant number of activities in the task arssy

With the OCCs representiragpproxmatelyone third of the United States, if the telephone is the
primarymethod of communication, the volume is likedyreach unmanagble proportionsAs

the OCC will be responsible for a la@mggeographic area, the opportunityr face-to-face
communi@tions will decrease, increasing the usae of dterndives sud as eectronic media. The
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OCCs will most likéy usea combindion of mmmuni@tion mealia, dependingon thetask and
situation. For example, communications between OCCs and field technicians, becausalithey
not be located in the same place, will take the form of same time, different place, or different
time, different place described in Big 5. Care should be taken to define whateyof
communication media should be used for different situations that the specialists willfése.

is particularlyimportant based on research showtimgt communication throlgelectronic

media can have the potential for reducsagisfaction and productivitfpr some tasks.

Communication paterns can be destxed as cemdlized or decemalized. Centralized
communication patterns are when the communication flows to and from one sbthicattern
of communication is more effective for smalbgps. In decentralied communication, instead
of flowing to and from one patrticular source, the informatiothexge is equal. This type of
communi@tion pdtern is beter for morecomplex tasks, ledingto bdter peformance for the
team.

Successful communication isteamelyimportant to the success of teams in OCUTse
communication patterns within the OCCs ntamtain aspects of both centrakizand

decentralied communicationThe centralizd aspects of the communication structure intipdy

the person or persons who receive the initial contact information is in a leadership pdsition.
this situation, otherrgup members magxperience dissatisfaction from not beiing the loop.”

This could be of particular importance if the person in the Help Desk position is not an effective
communicator.Specific communication patterns and a norm fawdycommunication skills

need to be developednstead of discussingy communicating@bout everyssue, specialists need

to learn or be trained to identifigformation that is most likelgiot known byothers who would

be affected byt.

Situational influences can have arsfigant impact on the communication amahg goup

members. Teammembers who ray otherwise conmunicaie effectvely, dispersng informaton

to all affected, mayedect to inform other personnel that the problem uhiagctly affect them

when under time pressure tet ¢he job done or under Higvorkload conditions (Salas et al.,

1992; Urban et al., 1996)0ften, the response to temporal pressure is to use established response
patterns.An OCC specialist from an MCC bacakgind mayabandon newljearned procedures

and revert to familiar (MCC) procedure8dequate time must be allowed for communication,

and it mgy be hdpful to develop paticular communi@tion proesses for timepressureor hich

workload situations.These processes should include specification of what communication
medium to use (e.gvoice, fax or email) under specific situations.

4.1.1.5 Cohesiveness

The cohesieness of agamrefers o the stengh of member atachmnent either for bie eamitself
(socHl or interpersonakoheson) or for hie sk the eamis tying to acconplish (task cohesin).
Cohesiveness can be the result of meanyses such as interpersonal attraction, likenghe
task, commitment to thergup, and goup prestig or pride.Research onhe effectof socal
cohesion on performance has hadedixesults.Although social cohesion has been shown to
facilitate communi@tion, team membeas ma spend moretime on ommuni@ting socaly and
not as much time on the task other words, attachment to th@gp or members of theaup
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can sometimes interfere with the effectiveness of thegbecausergup members magirect

their energ to social activities rather than the task at hadaher task cohesion, however, may
lead to better performanceséincevich &Matteson, 1996) Team members with higtask

cohesion mayr maynot share strongocial bonds, however, thelp shae a commitment to

reach a desiredogl that cannot be achieved individualljhis implies that thergup members

do, in fact, care about the success of the other members abthelgecause without them the
goal cannot be reacheth general, hidier cohesiveness has been found to correlate with better
performance, a phenomenon known as the cohesive-performance €fisceffect, however,

may have more to do with task cohesion than with social cohe&ionthe OCCs, specialists
sharinga strongcommitment to reachintpe specified gals will achieve task cohesiveness.

4.1.1.6 Goals and Rewards

Accordingto Webster’s dictionarya gal is “ The objective toward which an effort is directed.”
Just as the task can be interdependent, requinbegaction to complete, the objective or outcome
for the team’s work can be interdependent, depenaliniipe performance of other team members
to achieve.The outcome of the team’s work consists of the achievemewiats gnd the
associated reward©utcome interdependence can be establisheddopg, for individuals, or a
combination of goup and individual.In the advertisingccount eample, the (higly

interdependent) reward may beequdly split baween dl membe's of theteam. On theothe

hand, the sales team miagve the (low interdependent) reward of commission on individual
sales.A studyof how the gals and reward structure can impact performance in anizagon
similar to AFis presented bdow.

4.1.2 Studyof Teams in a Similar Corporate @nigation

Wageman (1995) conducted a field stuglgingservice technicians at the Xer@orporation.
This organization has mangimilarities to the AForganization. At the time of the studyXerox
employed more than 15,000 people, of who about 12,000 were technicians who repaired
machines.The orgnization is divided gographicallyinto nine areasEach of the areas is
divided into districts.The districts are then broken into sub-districts eitleeg@phicallyor by
machine tpe. If the work is divided gpgraphically each technician is responsible for a
geographic area, no matter what machine requires whrthe work is divided bynachine tpe,
each speailist only works on a partular type of nachne, no natter where n the dstrict the
machne was.

The Xeroxwork teams varied quite a bit on their level of interdependeBoee of the teams
consisted of members who worked klggautonomously These goups maintained hidy rigid
territories with individuals onlyvorking on their own machinesviany of these goups managd
parts epenses for their machines alone, not as part ofrthgg These technicians developed a
strongsense of personal responsibility their machinesOther goups (called hyrid goups)
had a mixof independent tasks and those requigraup decisions or actions$till other goups
shared responsibilities equaflyr repair calls and made collective decisiohsthese goups, the
technicians would take calls in the order ofamgy, regardless of where in the district the
machine was locatedl'hus, theser@ups maintained collective responsibility respondindgo
therepar cals from dl of the customes in thedistrid.
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Xerox technicians conduct corrective maintenance based on customer calls about machine
breakdowns.Customer calls come into a centralizdispatchingffice. Technicians
periodicallycall the dispatch office to obtain the repair calls that have come in tioouitpe

day. The technicians prioritize repair calls and track partsejasingtheir own judgnent about
when to replace or repair part8etween corrective maintenance calls, the technicians conduct
preventative maintenance based on predefined schedules.

The Xeroxtechnicians received formal feedback on individual performancerang g
performance.Individual performance could result in merit increases in saldrich was based
on several factors includingofessionalism, customer satisfaction, and teamwGrioup
performance could result in bonuses or paid vacations based on the district’'s performance.
Group performance measures included response time, repair time, call rate,gEartsteres,
machine reliabilityand customer satisfaction surgeyhe Wagman studyintroduced chares

in the reward sstem creatingroup, individual, and Hyrid rewards for the technicians.

Wageman'’s (1995) studfound that the work could be performed well either independently
interdependentlyhen the reward syem matched thepg of task (whenrgups that performed
highly independentlyand received rewards based on individual work andgs that worked
interdependentland received rewards based on the work of theg). Overall, manipulating
the reward sstem tended to affect technician motivation rather than to influeonce dpehavior.
Although the goup reward sstem had no independent influence on cooperative beharaop g
rewards motivatedrgups with interdependent tasks and individual rewards motivated
technicians with independent taskdybrid rewards, in which 50% of the reward was blase
group behavior and 50% was based on individual behavior, proved ineffective.

Performance for the hidy independentr@ups was verhigh. Machine repair time was 20%
faster than averag reliabilitywas hidner than national standards, and 100%of customers
surveyed were satisfiedThe highly interdependentrgup showed hig levels of cooperation and
effort, mutual learningand felt responsible to othemogip members as well as a collective
responsibilityfor all of the goup’s customers (this is representative of task cohesidrg.

hybrid groups in this studyin which members were sometimes asked to work asugp gnd
sometimes as an individual, were not especgdligctive. The members of the byid group felt
that addinghe goup elements to their work interfered with their abilaywork on their task.
Coordination and cooperation within theseups were weak and ineffectivéVageman warns
against introducingnterdependentrgup processes into tigperformingindependentm@ups.

Another interestindginding of the studywas that the preference for autonoower time changp
with the kinds of tasks and rewards tleperienced.Technicians with a hiypreference for
independent work, when faced with interdependent tasksrang gewards, came to accept and
prefer interdependent work.

Whether the task and rewardssym at the OCCs are independent, interdependenbod mgay
have a significant impact on theultimate peformance a the OCCs. Thetasks athe OCC my
be considered more independent in the sense that instead of Aaalgueuingrocess that
puts the responsibilitior all of the equipment and services equaltyall of the members, the
specialists will have assignent of individual responsibilities based on specialiye
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independent@ups in the Viigeman studywere exremelyeffective. However, if the specialists

at the OCC ae expected to work ind@endently at sometimes (in ther speidty area) and
interdependentlat other times (helpingut someone else who is overloaded), tioeig is now

faced wth a hyorid stucture. The hyorid stucture in the Wageman sudy was he leasteffecive
group. Whether the tasksgen to the specialists are independent or interdependent, the reward
system should be congent with the tasks.

4.1.3 Measures of Team Effectiveness

How do you know that the team, whether independent or interdependent, is effelctiGe@w
Resource Managnent, two tyes of effectiveness measures have been proposed: outcome
measures and process measures (Helmreiebug&hee, 1993)Outcome measuresugpe the end
products of an effective teantssentially theyare the result of a processxamples of outcome
measures might bereduced arcraft incidents and aew attitudes. Measures for theOCCs midt
include reduced number of outsy reduced duration of outsg and improved customer
satisfaction.Process measures focus on the interaction that occurs to achieve thesg€nd g
thatis, how he sk was accomplished. Exanples of process easures arariproved nformation
sharhg processes andare effectve probemsoling as a¢am Both types of neasures are
used in assessitgam performanceTable 3 provides a survey several evaluations
investigating teamwork in avariety of sdtings, indudingcommand and @ntrol teams, teams in
industrial workgoups, aircraft maintenance teams, angeeixments on teams in laboratory
setting (Cannon-Bwers et al., 1992; Cannore®ers &Salas, 1997; Entin &erfaty 1999;
Gwynne et al., 1996yhturi et al., 1995;ahnston et al., 1995; Urban et al., 199G he table
identifies specific measures used for measudiffgrent dimensions of teamwork includibgth
process and outcome measures.

The most common outcome measures used in the studiesesliwvese response latenagd

number of errorsThe most common process measures were meseagt, messagype and

messag content. Team effectiveness measures like those described in Table 3 have potential for
use nthe OCCsto evaliak the effectveness ofraining efforts and he impactof changs in

procedures. These measures could dso beusel to alimited extent in simuldions to déermine

the impact of proposed procedural or software cembgfore implementinthem.
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Table 3. Surveyof Team Dimensions and Measures

Dimension | Measure
Qutcome measures
Task/ mission effectiveness Productivity
Quality
Quantity
Sdety

Successil task canpletion
Quality of Stuation asessment reports
Consgstency of Stuation asessment reports

Task speed Time to complete tak
Responselatency
Task accuacy Number of erors

Omitted actilms

Erroneous assssmeits
Aggregateaccuacy
Workload NASA Task Load hdex

Process measures
Communicatian / cardination Message count

M essage type
Messag claiity

Messag timeliness

Messa@ accuacy

M essage content

M essage media

Transér of resaurces anong team members

Situation asessment Correctly assssing situation

Agreement of team meambers mental mode!

Changs in theindividual s knowledge, ills, and abities

Teamwork / cchesion / flexibility | Compensatory behavior

Monitoring activities of other team members

Giving and eceiving feedback no-defensvely

Providing and seeking assistance whenneeced

Anticipatingtaks

Leadership / assetiveness Providing ingtruction

Taking actim to @rrect arors

Helping other members focusther activities

Decision making Appropriateactin and squence

5. Conclusions

Basead on thedaa and literature reviewed, thee are certain positivestes tha can betaken to
facilitate teams in the OCC$&ome of these steps are alreadgerwayin the OCC developnms
process, as follows.
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. Clearlydefine individual specialist roles and responsibilities.

Critical to the success of the OCCs are cledeffined roles and responsibilitie€learly
defined roles and responsibilities can minimize stress and improve morale in the
workplace.

. Establish and communicate OCC and individual positmadg

Clear gpals should be established for the individual positions as well as the OCC as a
whole. Clearlydefined, specific procedures should describe how to accomplisbdle g
These procedures should also providi&lglines as to what roles andais should take
priority in the case of a conflictit is also important not onihat the gals be defined but
that the team members understand thedgy Everymember of the team should be able to
state the goals thatneed ¢ be acheved andhe approachotmeeing those gals. Each
member of the team should understand his or her role in achibxé@mpal. All task
responsibilities should be concrete and unaonig.

Determine the appropriate staffifeyels at each position to avoidoessive workload.

With the OCC concept, where division of responsibilities isfmcialty it is essential
that there is sufficient staffingt each position to avoid exssive workloadlf some
speidty positions ee to fill in for othes in times of hih workloa (eg., when the
speidlist in automdion gets oveloaded, thespeialist in survéllance will help), speific
roles and responsibilities should be spelled out for such special conditions.

. Determine optimum workspace @yt.

Although we did not analie the phgical positioningof the specialists in the OCC, it is
important that the specialist be positioned in a tixay facilitates necessary
communication.One version of the OCC floor plan places the Help Desk aatdiV
Lead ata posiion renoved fromthe restof the spealists. However, becauséese
postions frequeny interactwith each oflie spealists, it may be benefiial to place
them in a central location.

. Provide communications and information databases to support operations.

The sk anaysis dap, the anajsis of the flowchars, and he stuctured nterviews
highlighted he mportance of cormunicaion o effectve perfornance n the AF
environment.OCC specialists will relyneavilyon distributed means of communication,
thus these modes of communication must be reliable andeasyg.

Establish and train on standarmlizprocedures.

The standardetion of the MCCs is an important first step toward promagifective
team paformance. Standadized proedures will be essantia to theeffectiveness of the
OCCs. Standardied procedures with clearflefined team-member roles and
responsibilities reduce the need for teams fmear time ad resources defininidpese
components.This promotes effective team performance and is particutaggrtant for
distributed teams (Sian Robertson, 1996).
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g. Provide team trainingp transition personnel from the field and MCC environments to the
OCC environment.

Positions aan OCC will bemorespeialized than thoseof an MCC. This ha the
potential of redudng the situaiond awareness béween thespeialists. The speialists &
an OCC mayave to put a conscious effort into communicatiridp the other specialists
and sharingnformation. However, it would be inefficient for the specialists to share
everybit of information thattheycome across wth everyother OCC specalist. Insiead,
the speialists mg nead to betrained to recognize wha information is importat or may
have an impact on the specialists around them.

h. Ensure the performance standards and rewards to support operations within the OCC
structure.

As illustrated bythe Wagman (1995) studgf workers at Xeroxit is important to
structure the reward stem so that it is comgent with the tpe of goup structure.Tasks
that are structured to be worked on independeshibuild have independent rewards,
whereas tasks that are structured to be worked on interdeperstentlg have
interdependent rewards.

i. Establish a norm of effective communication and an atmosphere pronmdtingation
exchang in management.

Theresearch desaibed in this paer illustrates thecritical role of communi@tion and
information exhang. It is vital that norms created in the OCf@yps foster a focus on
effective communication and an atmosphere promatifiymation exhang and hidn
guality performance.Although norms often develop in an indirect wayspecific vision
and onaete, wdl-defined gods would hép promotea positivenorm. Of equd
importance are the behaviors and dtitudes of thepeople a the highest organizaiond
levels. The culture or tone of an agization is set bythe highest orgnizational
members and tends to trickle down to the lowest levels of tlaaimajon. If upper
management does not shee thedesired atitudes and béhaviors, it m&es it extremely
difficult to get lower level personnel to adopt and accept the desired behaVluus, it is
important for all levels of the oagization to adopt and behave in the desired.way

These recommendations are meant to smooth the transition from MCCs to BG@sver,

because mups are dyamic and evolve over time, even with these recommendations, optimal
performance in OCCs will t&ke sometime. When thechange to an OCC evironment tekes

place, the new teams will need time to adjust and become familiar with the new procedures and
with workingin a more team-oriented environmeifttis typical for new teams such as those in

the OCCs to divide their time between establislhmegrpersonal relationships amog@up

members and task completiomhis oscillation between task and social behaviors is important to
thar ultimate effectiveness @ ateam.
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AF
AFSS
ARTCC
AT
FAA
GMCC
GNAS
MCC
NAS
NIM
NOCC
NOM
OoCC
POCC
SCT
SFO
T™U

Acronyms

Airway Facilities

Automaed Hight Sevice Stdaions

Air Route Traffic Control Center

Air Traffic

Federal Aviation Administrdion
General Maintenance Control Center
General National AirspaceyStem
Maintenance Control Center
National Airspace $stem

NAS Infrastructure Managnent
National Operations Control Center
NAS Operations Manag

Operations Control Center

Prototype Operations Control Center
Southern California Terminal Radar Approach Control
Secbor Field Office

Traffic Managment Unit
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